Bigeye tuna (Thunnus obesus) and yellowfin tuna (Thunnus albacares) are among the most widely used tuna species for canning purposes. Not only substitution but also mixing of tuna species is prohibited by the European regulation for canned tuna products. However, as juveniles of bigeye and yellowfin tunas are very difficult to distinguish, unintentional substitutions may occur during the canning process. In this study, two mitochondrial markers from NADH dehydrogenase subunit 2 and cytochrome c oxidase subunit II genes were used to identify bigeye tuna and yellowfin tuna, respectively, utilizing TaqMan qPCR methodology. Two different qPCR-based methods were developed to quantify the percentage of flesh of each species used for can processing. The first one was based on absolute quantification using standard curves realized with these two markers; the second one was founded on relative quantification with the universal 12S rRNA gene as the endogenous gene. On the basis of our results, we conclude that our methodology could be applied to authenticate these two closely related tuna species when used in a binary mix in tuna cans.
Introduction
Recent years have been marked by various food scandals such as 'Horsegate' (meat adulteration crisis in Europe in 2013), and the results of fish products mislabeling studies 1, 2 . These events have highlighted the need: to set up an enhanced traceability system to improve quality process in industries; to reinforce consumer protection; and to reduce fraudulent activities. Seafoods are in the 'top ten' food products that are most likely to be subject of fraud 3 . Among these is one of the major marine species captured in 2012 4 , tuna, which represents an important economic value in the canning industry. According to the European legislation, mixing of tuna species in tuna cans is strictly forbidden these observations that led this study to focus on these two particular species.
33
Several methods have been developed to identify species when the flesh is raw or cooked.
34
Prior to the 1990s, the most used technique was the isoelectric, which focused on proteins 
104

DNA Extraction
105
Before DNA extraction, brine was removed and tuna flesh was drained on filter paper. Two 106 washing steps were followed: firstly with 70% ethanol, and then secondly with distilled water 107 to eliminate any potential PCR inhibitors. After washing and drying, all flesh contained within 108 the cans was finally homogenized using a mixer (Philips, France).
109
DNA extraction was performed according to the protocol described by Jérôme et al. (2003) 30 .
110
Concentration and purity of extracted DNA were determined by measuring the absorbance of 111 the DNA extracts at 260 nm, checking for protein impurities at 280 nm and organic 112 compound contamination at 230 nm using a spectrophotometer (Denovix, La Madeleine,
113
France). The DNA extracts were stored at -20°C until use.
114
Primers and probe design 115
Primers and probe sequences were specifically designed to identify bigeye and yellowfin tuna.
116
DNA sequences of different scombrid species were obtained from GenBank (National Center species-specific probe was called the "primers/probe system" ( Table 2 ).
214
Furthermore, based on 12S rRNA sequences, 'universal' primers, allowing amplification of a 215 common reference gene region, and probe were designed to recognize eight species of
216
Thunnus and seven bonitos. Forward and reverse primers and TaqMan probe were designed 217 from the 12S rRNA sequence (AB176811.1) giving a fragment of 107 bp (Table 2) . 
218
Identification of the two tuna species
259
The species-specificity of the two 'primers/probe systems' was also evaluated by testing DNA 
291
Method based on absolute quantification with standard curves
292
The two targeted mitochondrial genes (COII for yellowfin tuna, and ND2 for bigeye tuna)
293
were used for absolute quantification. Standard curves were established for the two tuna 
300
The results of this study highlighted the efficiency of this approach towards quantifying the 301 presence of bigeye tuna and yellowfin tuna in cans containing mixtures of these two species.
302
Method based on relative quantification with an endogenous gene
303
Another strategy developed in this study for quantification of species in tuna cans is based on 304 two targeted mitochondrial genes, namely, one species-specific gene for targeted species The results showed that the percentage calculations using the specific probe for bigeye tuna production, which the tuna canning industry will have to address.
342
To conclude, the two 'primers/probe systems' developed in this study have been used to: tuna relative quantification using 12S rRNA endogenous gene could be used as confirmation.
353
This identification and quantification methodology should help laboratories to contribute to 354 traceability concerning canned tuna in order to obtain responses about substitution or fraud. 
